An electron-microscope study of the localization of acetylcholinesterase (AChE) has been made in the main uterine artery of the guinea pig, which is supplied by cholinergic dilator and adrenergic constrictor nerves. Large bundles of nonterminal axons were present in the outer adventitia, and terminal axons, containing numerous vesicles, were scattered through the inner adventitia up to lfj, away from the outer layer of smooth muscle cells. About 50% of these axons were within 0.2/x of a muscle cell; the minimum neuromuscular gap found was 0.05/A. NO axons were within the media. The outer membranes of axons stained either heavily or lightly for AChE. These two distinct classes appear to represent cholinergic and noncholinergic axons, respectively. In late pregnancy, all cholinergic terminal axons which contained vesicles and were not separated from the muscle by Schwann or elastic tissue were associated with heavy postsynaptic staining which was restricted to that region of the muscle membrane adjacent to the axon. In tissue from virgin animals, most cholinergic terminal axons were associated with only scanty postsynaptic staining. The increase in postsynaptic AChE during pregnancy can be correlated with the increase in sensitivity of the arterial muscle to acetylcholine over this period. Assuming that the association of heavy AChE staining both pre-and postsynaptically is indicative of a functional cholinergic synapse, acetylcholine released up to lfi away from the muscle may participate in transmission from vasodilator axons in this vessel. Since postsynaptic AChE staining is restricted to discrete areas on the outer muscle cells, probably only these cells are directly affected by transmitter released from nerves.
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• The autonomic innervation of arterial smooth muscle differs from that of visceral smooth muscle in two respects. Firstly, terminal varicose axons are largely restricted to the medioadventitial junction and do not penetrate between the deeper muscle cells (1-6, and others) in comparison to the visceral From the Department of Zoology, University of Melbourne, Parkville, Victoria 3052, Australia.
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Accepted for publication November 1, 1968. smooth muscle tissues which have been examined (7-11, and others). Thus it is questionable whether, in arteries, smooth muscle cells other than those in the outermost layer are directly affected by transmitters released from nerves. Secondly, the neuromuscular gap in arteries may be extremely large in comparison to that seen in visceral smooth muscles. The maximum interspace between axon and smooth muscle cell compatible with effective transmission has been calculated to be of the order of 0.1 to 0.3/* in vas deferens and intestine (10, 11) ; in a number of visceral tissues neuromuscular separations of as little as 0.02/JL are common (7, 9, 10, 12) . In con-62 BELL trast, vasomotor axon profiles are seldom observed nearer than 0.08 to 0.15/i to an arterial muscle cell (2, 3, 5, 6) , and in certain vessels the minimum neuromuscular gap may be as large as OAfx (4) . Although speculations have been made regarding the possible relationship of this wide neuromuscular separation to the specialized role of the arterial wall in maintaining a tonic state (6) , and to the long stimulus-contraction latency observed in the pulmonary artery (4), the maximum neuromuscular distance compatible with effective vasomotor transmission remains obscure.
Fine structural localization of acetylcholinesterase (AChE) in visceral smooth muscle tissues has revealed that the cholinergic autonomic neuromuscular junction is characterized by postsynaptically localized AChE, which is restricted to that area of the muscle cell membrane immediately adjacent to the cholinergic axon (13, 14) . More recently, it has been demonstrated that the uterine artery of the guinea pig is innervated by cholinergic vasodilator nerves (15) . It was therefore of interest to investigate the localization of AChE in this vessel, with the aim of defining some of the criteria for a functional vasomotor nerve-arterial smooth muscle synapse. Such an investigation offered, in addition, an opportunity to determine whether the dramatic increase in sensitivity to acetylcholine of the uterine artery during pregnancy (15) was correlated with any change in levels or distribution of AChE.
Methods
Female guinea pigs were anesthetized with pentobarbitone sodium, 35 mg/kg, ip. Under anesthesia, the ventral body wall was opened and the intestines were deflected laterally. One uterine horn was then secured under slight tension to the side of the abdominal cavity with artery forceps, so as to expose and lightly stretch the uterine vascular supply running in the broad ligament. If much fat surrounded the blood vessels, this was carefully cleared away. Ice-cold 4% formaldehyde, adjusted to pH 7.4 with phosphate buffer, was dripped over the main uterine artery for 5 minutes, following which the artery and surrounding tissue was cut out and fixed for a further 50 minutes in chilled formaldehyde. After fixation, the artery was dissected free of the accompanying tissues under a binocular microscope and cut transversely with razor blades into rings of approximately 200/JL thickness. These were then washed in distilled water for 60 minutes, using a mechanical syphon device to ensure a slow changeover from formalin to water.
Following washing, the tissue was preincubated for 30 minutes in 0.2M phthalate buffer (pH 5.7) and stained for AChE by the method of Kamovsky and Roots (16) for up to 30 minutes at 0°C, using acetylthiocholine as substrate. In some experiments the specific AChE inhibitor BW 284C51 1 (17) in a concentration of 5 X 10~6M was present in both preincubation and incubation media. After staining, some tissue samples were prepared for paraffin sectioning and study under the light microscope. The remainder were fixed for VA to 2 hours in chilled, buffered 2% osmium tetroxide (pH 7.4), dehydrated in acetone, and embedded in Araldite.
Silver to gold sections were cut on a Huxley ultramicrotome, using glass knives, mounted on uncoated copper grids, and viewed in a Hitachi 11B microscope at 50 kv. Some sections intended for purely morphological examination were stained with lead citrate (18) , but those intended for histochemical assessment were left unstained to detect more easily staining due to AChE.
The microscope was calibrated from lens-current/magnification curves supplied by the manufacturer, and photographs were taken at magnifications of 6,000 to 20,000 X. Measurements of neuromuscular and muscle-to-muscle separations were made to the nearest 0.5 mm (80 A) on prints enlarged to 60,000 X.
The present results are drawn from observations made on 23 tissue blocks from five virgin and four late-pregnant guinea pigs.
Results

MORPHOLOGY
The structure of the arterial wall was qualitatively similar to that previously described for other vessels. The lumen was lined by a single layer of endothelial cells, surmounted by a thick internal elastic lamina. External to this lay four to six layers of smooth muscle cells, which ran in a roughly circular direction around the vessel. Adjacent muscle cells, both within a layer and in successive layers, frequently possessed protrusions which came into close apposition with one iRindly supplied by Burroughs Wellcome and Co. (Australia), Ltd.
another. At such areas the membranes of the two cells were separated by a cleft of approximately 100 A width. Nexuses, with true fusion of the membranes (19) , never occurred with the fixation method used.
Pregnancy resulted in partial breakdown of the internal elastic lamina of the artery, as reported by Albert and Bhussry (20) , and also in a massive enlargement of the smooth muscle cells. Measurement of the diameter through the nucleus of a number of randomly selected cells from several animals gave mean diameters of 2.1/x ( SEM ± 0.07/A, n = 30) in arteries from virgin animals and 4.3/A (SEM± 0.15/x, n = 35) in those from guinea pigs in late pregnancy. The difference between these figures was highly significant (P < 0.001) by Student's t-test.
The outer surface of the media was surrounded by an external elastic lamina, which was somewhat thinner than the internal elastic lamina, and was intermittently absent in tissues from both virgin and pregnant animals. Up to about I/A away from the outer muscle layer were numerous axon profiles, either in small bundles of two to eight axons or, less commonly, singly. These profiles varied in diameter between 0.13 and 1.3/JL, and the larger ones commonly contained numbers of vesicles 250 to 600 A in diameter and scattered larger vesicles up to 1200 A in diameter. No intravesicular granules, such as are thought to be characteristic of adrenergic axons in some species (14, 21) , were seen consistently, agreeing with previous evidence that these granules are not a readily observed feature in the guinea pig (22) . While single axons were usually devoid of any accompanying satellite cells, the axon bundles were partly enveloped in Schwann sheath. However, profiles lying on the side of an axon bundle nearest to the muscle were almost invariably free of Schwann cells on that face. The presence of such an exposed axon was frequently associated with a gap in the external elastic lamina, and on occasions a protrusion of the outermost muscle cell was extended into this gap towards the axon. No axons were observed within the media. On the assumption that axon profiles containing an appreciable number of vesicles and not separated from the muscle by either Schwann cell or elastic lamina represented terminal axons and possible sites of transmitter release, measurements were made of the distance between such axons and the nearest muscle cell membrane in a number of randomly selected, nonserial sections from a total of six animals. The results, as illustrated in Figure 1 The distribution of terminal axon profiles within the adventitia of the uterine artery. Axons containing vesicles and not separated from the media by Schwann or elastic tissues have been counted with regard to their distance from the nearest muscle cell. Ordinates: number of axons. Abscissas: neuromuscular gap.
BELL
Virtually all the terminal axon profiles observed lay within 1/JL of the media. However the outer adventitia, at distances of 10/u. or more from the media, contained scattered large bundles of axons. These profiles were 0.13 to 0.6/u, in diameter, rarely contained vesicles but commonly contained neurotubules, and were completely enveloped in a Schwann cell (Fig. 2 ). By analogy with previous light-microscope results (15) , at least some of these nonterminal bundles represented nerves supplying the uterine muscle. However, some may have represented vasomotor fibers traveling to a more distal portion of the artery.
LOCALIZATION OF ACETYLCHOLIN ESTERASE
All staining observed following incubation as described in the Methods was prevented by the specific AChE inhibitor BW284C51 (Fig. 2) . It can therefore be assumed that the staining obtained was due solely to AChE, and not to other enzymes or to nonspecific deposition of reaction product.
The adventitial axon profiles could be divided into two staining classes (Fig. 2, a) . In the first of these, deposits of stain were seen on the axonal membranes after incubation times of 5 minutes or longer. These axons have been designated as "heavily stained." In the second class ("rightly stained") axonal membrane staining was only evident after longer incubation periods and under all circumstances was considerably less than that in the first class. In addition, the membranes of the Schwann cells associated with both classes of axon were stained to a light to moderate degree. A similar degree of staining was also observed on the membranes of any fibroblasts lying close to the axon bundles (Fig. 2, a) .
The large nonterminal axon bundles in the outer adventitia contained both heavily and lightly stained axons, axons of either class tending to be grouped together within a bundle. In the majority of bundles, lightly stained axons were predominant (Fig. 2, a) . The terminal axons lying within 1/JL of the muscle were also of both staining classes. Sometimes both lightly and heavily stained axons lay' in the same bundle. More commonly, however, only one class was present in any one bundle. Although the staining ratio between both classes remained constant, the absolute level of staining decreased with distance away from the original cut surface of a tissue sample. Thus, for determination of the reactivity of a particular axon, it was necessary to compare it with a bundle of both types of axon in the same or an adjacent section.
In tissue taken from animals in late preg-nancy, all heavily stained terminal axon profiles containing vesicles and not separated from the muscle by Schwann or elastic tissue were associated with a similar density of staining on the membrane of the nearest muscle cell (Figs. 3-5 ). This heavy postsynaptic staining was restricted to that area of the muscle cell immediately adjacent to the axon ( Figs. 3 and 4, a) and was independent of the distance between axon and muscle cell (Fig. 5) ; No staining was observed on the membranes of the outermost muscle cells in areas remote from a heavily stained axon or on the membranes of muscle cells in the inner layers of the media. Where a heavily stained axon was completely separated from the muscle by a portion of the external elastic lamina, no postsynaptic staining was present (Fig. 4) .
The levels of axonal AChE activity appeared to be similar in tissue taken from both pregnant and virgin animals, as there was no difference between the two groups in the minimum incubation time required to produce axonal staining. However, the density of postsynaptic staining differed markedly. In arteries from virgin animals, heavily stained terminal axons not separated from the muscle by Schwann or elastic tissue were associated with a similar level of postsynaptic stain in only about 20% of cases. In the others, postsynaptic staining was scanty or even, on occasions, apparently absent ( Figs. 5 and 6) . The incidence or nonincidence of heavy postsynaptic staining was not correlated with the neuromuscular gap involved (Fig. 5 ). It is of interest to note that while the postsynaptic stain seen in tissue from pregnant animals appeared as a fairly even deposition of reaction product ( Figs. 3 and 4) , that in tissue from virgin animals was mainly localized in small invaginations of the muscle membrane ( Fig. 6 ). Thus pregnancy appeared to result not only in a marked increase in the postsyn-aptic level of AChE activity, but also in an alteration of its localization.
In contrast to the heavily stained terminal axons, those axons classified as lightly stained were never associated with any degree of postsynaptic staining, regardless of their closeness to a' muscle cell, in tissue from either virgin or pregnant guinea pigs.
Discussion
In a previous study (15) , light and fluorescence histochemistry revealed the presence of two populations of nerve fibers that appeared to innervate the main uterine artery of the guinea pig. One population exhibited a degree of AChE activity comparable to that seen in known cholinergic nerves in the same Histograms illustrating the association of heavily stained terminal axons with heavy postsynaptic staining (shaded) in randomly selected sample populations from arteries of guinea pigs in late pregnancies and of virgin guinea pigs. All axons counted contained vesicles and were not separated from the nearest muscle cell by Schwann or elastic tissue. Note that in tissue from pregnant animals all such terminal axons were associated with heavy postsynaptic staining, regardless of neuromuscular distance, while in tissue from virgin animals this relationship only held for a small proportion of axons. Note also that in tissue from virgin animals there was no apparent correlation between the incidence or nonincidence of heavy postsynaptic staining and the closeness of the neuromuscular contactspecies, suggesting that they were cholinergic. The other population exhibited strong fluorescence attributed to noradrenaline and did not stain markedly for AChE, suggesting that they were adrenergic. These results were supported by pharmacological evidence, which indicated the presence of both cholinergic dilator and adrenergic constrictor nerves.
Circulation Research, Vol. XXIV, January 1969
The present results have shown that, on the basis of their AChE staining, the terminal axons lying in the adventitia of this artery can be divided into two classes. The first class, membranes of which stained heavily for AChE, must correspond to those nerves which stained heavily in the light-microscope study, and therefore is probably cholinergic. The second class, membranes of which stained more lightly for AChE, is presumably noncholinergic. At least some of these axons must represent the adrenergic vasoconstrictor fibers. However, because no morphological criteria were available for distinguishing adrenergic axons, some of the lightly staining axons may be neither cholinergic nor adrenergic in nature. Some pharmacological evidence to suggest the presence of a third population of vasomotor fibers has been reported previously (15) .
In tissue taken during late pregnancy, heavily stained axons within 1/x. of a muscle cell were associated with a similar level of staining on the adjacent muscle membrane. It must be considered possible that this postsynaptic stain represented diffusion, either of enzyme or of reaction product, from the axonal sites of high activity onto adjacent structures. However, several factors argue against such an interpretation:
1. Heavy postsynaptic staining was seen only in tissue from pregnant animals, although, on the basis of threshold incubation times, the levels of axonal AChE activity were similar in both pregnant and virgin animals.
2. If the postsynaptic stain was due to diffusion, it might be expected to be lower in intensity than that at the primary staining site. This was not so in pregnancy.
3. The density of postsynaptic staining in tissues from both virgin and pregnant animals was similar over a wide range of neuromuscular distances, while postsynaptic staining due to diffusion would have been expected to be greatest where a small neuromuscular gap was involved.
It is likely, therefore, that the postsynaptic stain represents a true primary site of AChE activity. There is a similar association of pre-and postsynaptic staining in the cholinergic innervation of the bladder (13) and in scattered cholinergic axons innervating the vas deferens (14 and P. M. Robinson, personal communication). In the latter tissue, postsynaptic staining was seldom observed when the neuromuscular gap was greater than about 0.1/i-; and it has been calculated that, in this tissue, only transmitter released within about 0.1/A from a muscle cell would participate appreciably in transmission (10) . Thus an association of pre-and postsynaptic staining seems to be indicative of a functional cholinergic synapse. That such an interpretation is applicable to the present study is supported by the fact that pregnancy caused a marked increase in postsynaptic AChE adjacent to heavily staining axons, corresponding to the dramatic increase in sensitivity of the artery to stimulation by both acetylcholine and dilator nerves (15) .
Assuming that correlation of high AChE activity both pre-and postsynaptically is indicative of a functional cholinergic synapse, several conclusions may be drawn from the present results. Firstly, the lack of postsynaptic staining adjacent to heavily stained axons where there was an interposing elastic lamina suggests that transmission does not occur at such sites. Secondly, the correlation of pre-and postsynaptic stain where the neuromuscular gap was as large as 1/x indicates that transmission is effective even over this distance. As virtually all the terminal axons observed lay within this I/* space, it seems likely that every such axon plays a role in transmission, although presumably those closest to the muscle exert by far the greatest effect.
Thirdly, the restriction of postsynaptic AChE to small areas of the outermost muscle cells adjacent to cholinergic axons suggests that only these areas receive appreciable amounts of transmitter. It must be assumed that neurogenic control of underlying cells occurs by means of electrotonic coupling between the muscle cells. Two types of close contact between adjacent smooth muscle cells have been seen by various workers who suggested that they represent sites of electrotonic conduction. The first of these is the nexus, with actual fusion of the outer lamellae of the adjacent muscle membranes (11, 19, (23) (24) (25) (26) (27) . The second is similar to that seen in the present study, where the adjacent membranes are separated by a parallel cleft 50 to 150 A wide (11, (28) (29) (30) . In fact, it seems likely that both types of contact are identical, fusion or nonfusion of the membranes being entirely dependent on the preparative conditions employed (11, 19, 31) . Although there is no evidence to indicate which of these situations is likely to occur in vivo, the nexus seems more suited to the concept of a low resistance pathway necessary for efficient intercellular conduction (11, 32) .
The frequent appearance of areas of close muscle-to-muscle contact in the uterine artery suggests that there is extensive electrotonic coupling of the muscle cells, both within a single cell layer and between adjacent layers. However, whether such coupling is restricted to relatively small effector 'units,' which function independently, or whether there is such widespread coupling as to produce a massive electrical syncytium capable of conducting propagated action potentials, remains unknown.
